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TWO-DIMENSTONAL WIND-TUNNEL INVESTIGATION
OF FOUR TYPES OF HIGH-IIFT FIAP ON AN
VACA 65-210 ATRFOIL SECTION

By Jones F, Cahill
- SUMMARY

An investigation was made in the Langley two-dimensional
low-turbulence tunnels to develop flap configurations for meximum
1ift of the NACA 65-210 alrfoil section equipped with four types of
high-1ift flap. Lift and pitching moment data were obtained for the
optimum configurations. Scale effect and the effect of standard
leading~edge roughness an maximum 1ift coefficient were also
determined.

Tests were made of three 25-percent—chord single slotted flaps
with the trailing edges of the slot lips located at 84, 90, and
97.5 percent of the airfoil chord, and of a 3l.2-percent—chord double
glotted flap. For the model with ecach of the flaps, the maximum 11ft
was shown to become more sensitive to small movements of the [lap as
the flap deflection was increased., The maximum 1lift coefficient of
the airfoil with each of the single slotted flaps was shown to.be
about 2.%47 and that with the double slotted flap was 2.73 at a
Reynolds number of 6 X 10°, The waximum 1ift coefficient was shown
to increase as the Reynolds number wag increased in the range of
Reynolds number from 2 to 4 or 6 x 109, but in some cases the maximum
1if4 coefficient decreased at higher Reynclds numbers. The decrement
in maximum 1lift caused by standard roughness decreased as the flap
deflection was increased and at the higher deflections was approxi-
mately the same as the decrement obtained with the plain airfoll.

. INTRODUCTION .

An extencive investlgation of thin airfoil sections has been
undertaken by the National Advisory Committee for Aeronautics to
obtain information applicable to the design of high-speed airplanes.
Since very little data for flaps on thin NACA 6 series airfoll
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sections are avallable, tests were made of an NACA 65-210 airfoil
section equipped with fouwr typss of high-lift flap.

The NACA 65-210 alrfoil section was believed to offer a
reasonable compromise between high maximum 1ifts and high critical
speeda. The greoatest amownt of data available on the application
of high-lift flaps to fairly thin airfoil sections hag been
obtained from tests of the NACA 23012 airfoil., Data con this
ailrfoil with various typee of Tlap have becn prescuted in
refereonces 1, 2, and 3. Theso deva were obbtalned with o simple
slotted flap, two slotted flaps with siot lips extended to
90 and 100 percent of the alrfoil chord, end a double slotted
flap. Referonce 2 shows that the meximvm 1ift and the pitching-
momont increment obtained with single slotted flaps increase
as the length of the slot lip is increased. The double slotted
flap of reference 3 produced maximum 1lifts ebout the same as bthe
slotted flap with the longest slot lip (Fowler flap) and pitching-
moment increments sbout the same as the gingle slotted flap with
the 90-percent-chord lip extension. Tho use of long elot-lip
oxtensions presents structural problems that are accentuabed by
the very thin rear parts of the present NACA G-series sections.
The flaps used in the present investigation were designed Lo
provide as much thicknesg for structure in the slot lip as was
considered compatible with reasonable flap thicknesses.

The present paper covers an investigation in the Langley
two-dimensionsl low-turbulence tunnels of a series of slotted flaps
gimilar to the flaps of references 1 to 3. Tests were made to
develop optimun flap configuwrations for meximm 1ift of three
“glotted flaps with vearying slot-lip extensions and of a double
plotted flap., Scale efloct, the effect of roughness on 1ift
choracteristics, and pitching-moment characteristics with the
ilaps deflected were also determined.

SYMBOLS
Cy gection angle of attack
c basic airfoil chord
cy section 1ift coefficlent

Clmox naximm section 1ift cosfficient
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gection pitching-monent coefficient aboub

Cmc/u . .
guarter-chord point

Neq increment of section 1ift coefficient

Leq increment of maximum section 1lift coeificlient

max
Acmp/h increment of section pitching-moment coefficient
e about Quarter-chiord point

X, ¥ horizontsal and vertical positions, respectlvely, of
flap reference point measured fiom most rearward
station of slob 1ip in percent of ¢ {x positive
forward end y positive below).

X1, ¥ positiong of Ffore-flap reference point

Xy, Yo nositions of main-flap reference peint measured from

45 ’ e s

trailing edge of Tore Llwp

Sy deflection of flap, measured hetween flan chord line
when flap is delflectsd and flap chord line when flap
ig retracted

Cpp deflection of rfore flap, measured Ifrom wing chord line

R Reynolds number

The basic alirioil used in the present Tvusu had a chord of
2 Teet and completely sgparned the 3-Toot-wi tesu gochtions of the
tunnels. The main part of the model dh@ad of the flaps was
congtructed of mehogany and was provided with detacheble trailing-
edge pileces for ecach of the flaps.

The flaps were congtructed of steel and each of the gingle
slotted flaps had a chord of 25 percent of the basic airfoil cho
The single slotted flaps are designated slobtted flans 1, 2, and j

and were designed with the trailing edgs of the zlot lip at 84, 90,
and §7.5 percent of the ba ic airfoil choxd nectively. These
flaps had thicknessed of 14.16, 11.56, and sercent of the flap
chord, respectively. DlOLubQ llap 1 was us cd az the main-flap poxt
of the double slotted flap. The fore Tlap had a cliord o; 7.5 percent
of the baric alrfoil chord. The final o : n of nc fore {lap

b'~
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of the main flap with respect to the fore flap was developed.
Optimum positions of the fore flap and main flap as a unit were
then developed for several flap deflections with the main flap
and fore flap held at this relative position.

Lift data at Reynolds numbers of 2.4 mnd 5.0 X ]OG, pitching-
moment data, and data on the effect of standard leading-cdge
roughness were determined st the optimum configuretion for each
Tlap deflection for slotted flaps 1 and 2 and for the double
slotted Tlap, and the scale cffect on maximuwn Lift was investl-
gated at one deflection near the deflection for maximum 1ift.

Tests of the model with slotted fl=p 3 were discontinued
after a few tests showed that the maximum 1lifts produced by uvas
of this flap were no higher than the waximum 1ifts produced by
86

of slotted flaps 1 and 2

o

ALY 1ift measurements were made by the methods described
in reference 4 and were corrected to free-air valucs a i

to the equations given in the appendix of r(C rence 4.

PRESENTATION OF RESULTS

Lift and pitching-moment data for the plain airfoil from
reference 4 are showmn in figure 2. Lift data are also shown
for the model with a 0.20¢ simulated spiit flap deflected 60°
for geveral Reynolds numbors.

Contours of flap position for maximum 1ift at several

deflectiong for each of the flaps are shown in figures 3 to 7.
In sach Tigure the flap is drawn in at the position at which the

nighost maximm 1ift was measured. PTigure 3 shows the contbour
of vadueg of maximumm 1ift coefficlent for main-flap positions with
regpect to the fors-flap trailing edge. Conbours of valuos of
maximun 116 coefficient for positions of the main flap and forec
flap a8 a unlt at verious deflections are prosented in Tigurs h.
Flgures 9, 6, and 7 show contourg obtained for verious doflections
of slotted flaps 1, 2, and 3, rospocciively.

The data shown in figures 8 to 13, wi
£ r

for slotted flap 3, include 1ift c¢h

in both the smooth and the standerd ding-cdge rovgimess
conditions, pitching-moment data and scale-effect deta cn Lift
charactoristics. For ”!OGUC¢ Ilup 3, only the Lﬂlu characteristics
at a Reynolds number of 2. ¢ 10° and tho scals-cffoct data wore

th the ezcepbtion of data
igtics for the model
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obtained. Tlege data howed that the maximem 1iits obtained with
flap 3 were no higher then the maxzimum 1Lifts obbtained with slotted
flaps 1 or 2. Since construction of a flsp gimiler to slotted
flep 2 D""GQCTJ 8 greater problems than cox woion off slotted
flaps 1 end 2, the tesus of slobied flap 3 wers Jiscontinued.
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TABLE I.- ORDINATES FOR AIRFOIL AND FLAPS

[A11 aimensions in percent of basic alrfoll chord]

NACA 65-210 airfoll

Slotted flap 1

L.E. Radlus: 0.687
Slope of radius through L.E.: 0.08h4

Upper surface Lower surface Upper surface Lower surface
Station | Ordinate | Station | Ordinate Station | Ordinate | Station | Ordinate
0 0 8 0 ‘ 0 0 8 0 0 8
. .81 . ~-.TL .2 .92 .2 =41
2%3 . 93 322 - 53 .56 1.?9 .56 -.62
1.1 Z 1.27% 1.331] -1.059 1.12 1 36 1.12 -.88
2.L40l 1.757 2.5921 -1.385 1.69 1.80 1.63 -1.00
4.898 | 2.491 5.02f -1.859 2.23 1.99 2.l -1.03
7391 | 3.069 7.606| =-2.221 .3 2.22 L]..Es -0.83
Z. 9l 3.55 10,106 | -2.521 .50 2.33 7.48 -.u’i
14.899 .33 15,101 =~2.992 5.61 2,38 9.38 -
19.909 | 4.93%8 20.091| =3.346 7.00 2.0 12,18 -.27
2L.921 | 5.397 25.07 -5.605 9.00 2.52 1}.98 -.12
22.936 5.732 30.06 -3%,78 11.00 2.1 17.48 01
So1588 220 | | 2 g | rd | 28 22
ﬁﬁ% E 2.055 5.016 -2:36 1?151 118 25, 3 0
50.000 | 5.918 50.000| =3.709 20.00 1
25-01h 5.625 54,986 ~3.435 22.50 .3l
0.02’ 217 23923 -3.075 25.00
5.0 712 .9 -2.682
70.0431 L.128 69.957| -2.18L ]
5.0 3.1;39 74.9551 -1.689 1.E. Radius: 0.80
0.0, 2,783 g 956 -1.191 Slope of radius through L.E.s 0.35
85.0% 2.057 .962 -.711
90.028 1 1.327 89.972 -.29%
95.01Y .622 91,.986 .010
100.000] 0O 100.000 0

sletted flap 2 Slotted flap 3
Upper surface Lower surface Upper surface Lower surface
R Station ordinater Station | Ordinate Station | Ordinate | Station | Ordinate
4] 0 ¢ 0 o] ¢ 0 0 0 0
31 67 3L -3 .31 51 .31 -.2
i .62 .90 W62 -.20 .ZZ .'?l .22 - g
71.25 1.23 1.2 -8l 1.2 .98 1.2 -.32
1.88 1.45 1.8 -.69 1.8 1.18 1.8 -.b5
2.50 1.61 2,50 -.ZO 2,50 1.32 2.54 =45
B v | 2R o Bl e ) o
2:2¢ 1.%6 PR - ﬁ 2:25 1.53 18038 -202
.50 2.00 . ~.2 .50 1.51 12.50 O
1 .30 l.gS 12.23 =-.10 1'(?).80 1.22 15.30 .15
12.50 1.82 lhﬁg 02 12.50 l.Zg 17.49 .21
15.00 1.55 17. 11 15,00 1.0 19.99 2%
1’8.30 1.20 1 .29 A7 17.50 .86 22.49 .18
20.00 .78 22.49 .15 20.00 .60 25.00 o]
’ 22.50 .38 25.00 ¢} 22.50 .33
25.00 0 2%.75 .18
25.00 0
L.E. Rediuss 0.L0 L.E. Redlus: 0.22
Slope of radius through L.E.: 0.3%5 Slope of radius through L.E.: 0.34

Fore flap
Station Upper Lower
ordinate { ordinate
0 0 [}
L2 .95 -.
.53 1.31 —1.%?;
1.25 1.52 -1.20
1.6 1.62 -1.11
2.0l 1.72 -.85
2.92 1.ZL -.36
3.73 1.6k -.02
. 1.3 .18
2.2 1.13% 27
.25 . .2
7.08 gg .l;j.
7.50 0 0
L.E. Radius: 1.20
(on chord line)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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(a) Flaps tested.
Figure 1.- Sketch of flaps tested on NACA 65-210 airfoil section.
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Alrfeo1l

1<E::::§<::;1j;/ Flap chord line (retracted)

chord line‘—\\‘
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(b) Variables used to define flap configurations.

Pigure 1,- Concluded.



Fig. 2a

Section pltching-moment

1.6
PO N
\
. S
° 1.2 SN
v \Q
"l . ot
e “a
o .8
[+
o
© R
e
pa o3 % 106
L 06
g &9
o A Standard roughness
o 6 x 106
L)
0 0
oeo o e Yo tetal v
\
’g '-l -oh ‘l
2 \
o RE
% NATIONAL ADVISORY
3 COMMITTEE FOR AERONAUTICS
© “'2 L } —
-16 -8 0 8 16 2l
Section angle of attack, ago, deg
{a) Plain airfoll.
Figure 2.- Section 1ift and pltching-moment characteristics of the
NACA 65=-210 airfoll section. {(Reference l.)
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(b) Airfoil with 0.20c split flap. s, = 60°.

Figure 2.~ C(Concluded.
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N

Figure 3.- Contours of values of maximum 1ift coefficlent for main-flap positions with respect to fore~flap trailing edge.
Double slotted flap; NACA 65-210 airfoil; R = 2.4 x 106 (approx.); &pp = 25°%; x; = 0.9; y; = 1.9; 8 = 50°.
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Figure Li.- Continued.
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Figure l.- Continued.
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Fig. 4d
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(e) bp = 600.

Flgure L.«

Concluded.
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{a) 67 = 30°.

Figure 5.- Contours of values of maximum 1ift coefficlent for positlons of slotted flap 1 at varlious flap
deflectlons. NACA 65-210 airfoil; R = 2.4 x 106 (approx.).
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(@) & = 50°.

Figure 5.~ Concluded.
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(8) & = 30°,

Contours of values of maximum lift coefficient for positions of slotted flap 2 at various flap deflections.
NACA 65-210 airfoll; R = 2.4 x 10® {approx.).
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(0) 6; = 36.3°.
Pigure 6.~ Contlnued.
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Figure 8.- Section 11ft characteristics of the NACA 65-210 airfoil
with a 0,312¢c double slotted flap.
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Fig. 9 NACA TN No. 1191
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Figure 9.~ Section 1lift characteristics of the NACA 65-210 airfoil
with & 0.312c double slotted flap at various Keynolds numbers.
6 = 50°; x = 0.92; y = 2.36.
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with a 0,312c double slotted flap.
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Fig. 12

Section 1lift characteristics of the NACA 65-210 airfoil
with slotted flap 1 at various Reynolds nunbers. 6 = h50;

y = 0.95.
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Figure 13.- Section pltching-moment characteristics of the NACA 65-210 airfoil

with slotted flap 1. R = 6.0 x 106 (approx. ).
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Fig., 15 NACA TN No. 1191
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Filgure 15.- Sectlon 1ift characteristics of the NACA 65-210 airfoil
with slotted flap 2 at various Reynolds numbers. 6p = [1.3°;

x =1.42; ¥ = 0.92.
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Figure 16.- Section pitching-moment characteristics of the NAGCA 65-210 airfoil
with slotted flap 2. R = 6.0 x 100 {approx.).
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Figure 19.- Variation of maximun sectlon 1ift coefficlent with
Reynolds number for various types of flap on the
NACA 65-210 airfoil section.
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Figure 22.- Comparison of optimun maximum 1ift coefficlents of 65-210 airfoil
section with various types of flap. R = 6 x 106, -

22 314






